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DObjectives:Among the parameters for surveillance of patients at risk of acute type A aortic dissection, the aortic
size has been considered a cardinal factor. Preventive surgery of the aorta in asymptomatic patients on the basis
of size alone is still controversial in patient populations lacking other risk factors for aortic dissection. The aim of
the present study was to assess the value of the aortic diameter as a current criterion for elective aortic surgery to
prevent the development of aortic dissection in patients without and with Marfan syndrome (MFS).
Methods: We reviewed the data from patients diagnosed with acute type A aortic dissection from December
1994 to March 2009 at our institute. A total of 237 patients who presented with acute type A aortic dissection
were enrolled, of whom 31 were diagnosed with MFS.
Results: The maximal ascending aorta size was 46.7 mm (range, 42.9-51.6) in non-MFS patients and 58.5 mm
(range, 43.8-64.9) in MFS patients (P<.001). Two thirds (74%) of the MFS patients had a maximal aortic root
size of 45 mm. However, 87% of the 206 non-MFS patients had an aortic diameter<55 mm. Non-MFS
patients presenting with an aortic size<55 mm developed aortic dissection at a younger age and had a higher
body mass index than those with an aortic size 55 mm.
Conclusions: Type A aortic dissection occurs in smaller aortas in non-MFS patients compared with those with
MFS. (J Thorac Cardiovasc Surg 2014;147:1505-10)Aortic dissection is a life-threatening condition in which
early diagnosis, treatment, and close follow-up are critical
for survival. About 60% to 70% of patients with acute dis-
section are affected at the ascending aorta, classified as
Stanford type A.1 The mortality and morbidity of ascending
aortic dissection are more critical than that of any other
types of acute aortic syndrome. The known risk factors for
ascending aortic dissection include hypertension, a bicuspid
aortic valve, aortic aneurysm, and intrinsic aortic tissue ab-
normalities, which can include Marfan syndrome (MFS),
Loeys-Dietz syndrome, and Ehlers-Danlos syndrome.2,3
Of the parameters considered during watchful follow-up
for the genesis of acute type A aortic dissection, the aortic
size has been considered a cardinal factor for the develop-
ment of acute dissection.4 The size of the aorta is a criticale Division of Cardiology,a Department of Medicine, Cardiovascular Imaging
r, SamsungMedical Center, Department of Thoracic and Cardiovascular Sur-
b and Department of Radiology and Center for Imaging Science,c Sungkyunk-
University School of Medicine, Seoul, Republic of Korea; and Division of
ovascular Diseases,d Mayo Clinic College of Medicine, Rochester, Minn.
rk was supported by the Samsung Biomedical Research Institute (grant C-A9-
).
ures: Authors have nothing to disclose with regard to commercial support.
d for publication Jan 29, 2013; revisions received April 1, 2013; accepted for
cation May 23, 2013; available ahead of print July 22, 2013.
for reprints: Duk-Kyung Kim, MD, PhD, Division of Cardiology, Depart-
of Medicine, Cardiac and Vascular Center, Samsung Medical Center, Sung-
kwan University School of Medicine, No. 81 Irwon-ro, Gangnam-gu, Seoul
10, Korea (E-mail: dkkim@skku.edu).
23/$36.00
ht  2014 by The American Association for Thoracic Surgery
.doi.org/10.1016/j.jtcvs.2013.05.025
The Journal of Thoracic and Carissue with regard to prophylactic surgery and the optimal
timing of aortic replacement, especially in patients with
connective tissue abnormalities such as MFS.5 The current
guideline to prevent aortic dissection in non-MFS and
MFS patients suggests that elective aortic surgery is
required when the maximal ascending aorta size has
reached 55 mm for non-MFS patients and 45 mm for
MFS patients.6,7
However, previous studies have found that the incidence of
aortic dissection did not decrease, regardless of elective aor-
tic replacement therapy.8,9 Furthermore, preventive surgery
of the aorta in asymptomatic patients on the basis of aortic
size alone remains controversial in patient populations
without known risk factors for aortic dissection.6,10,11
Some studies have shown that an increased aortic size as
a follow-up parameter was not sufficient to predict aortic
dissection or rupture.12,13
The aim of the present study was to assess the feasibility
of the aortic diameter as a current criterion for elective aor-
tic surgery to prevent the development of aortic dissection
in non-MFS andMFS patients. We investigated the possible
correlation between the aortic diameter and the occurrence
of acute Stanford type A aortic dissection.METHODS
Data on all aortic dissections diagnosed from December 1994 to March
2009 were retrieved from the aortic dissection registry at our institute, 1 of
the largest medical centers in Korea. A retrospective analysis of all patients
with acute type A aortic dissection was conducted. According to thediovascular Surgery c Volume 147, Number 5 1505
Abbreviation and Acronym
MFS ¼ Marfan syndrome
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DStanford classification, type A aortic dissection was defined as any dissec-
tion involving the ascending aorta.
Acute dissection was defined as the presentation of any dissection
within 14 days of symptom onset. Patients presenting with any dissection
after 14 days of symptom onset were excluded to ensure an accurate anal-
ysis of the correlation between the aortic size and the occurrence of dissec-
tion. We excluded patients who had developed aortic dissection from other
causes, such as Loeys-Dietz syndrome, Ehlers-Danlos syndrome, familial
thoracic aortic aneurysm and dissection, and trauma. The diagnosis of
MFS was determined strictly by the presence of manifestations defined
by the Ghent nosology. The variables of interest included demographic
data, medical history, and imaging results. Hypertension was defined as
systolic blood pressure>140 mmHg or a self-reported history of hyperten-
sion with or without ongoing pharmacologic treatment. Diabetes mellitus
was defined as a history of type 1 or type 2 diabetes mellitus, treated phar-
macologically or controlled by diet.
To identify the factors influencing the development of aortic dissection,
we checked for the presence or absence of atherosclerosis, penetrating aor-
tic ulcer, and simple renal cyst.14-16 Measuring the thickness of the intimal
and medial layers of the aortic wall, mild and severe atherosclerosis was
defined according to whether the layer was>4 or<4 mm.14 A penetrating
aortic ulcer was defined as an atherosclerotic lesion with ulceration that had
penetrated the internal elastic lamina and allowed hematoma formation
within the medial layer of the aortic wall.17 A simple renal cyst was defined
on the basis of a computed tomography scan as a thin-walled, low-
attenuation, oval to round lesion with a diameter of 5 mm, without
evidence of enhancement or septation.
To evaluate aortic dilatation in each patient, we measured the maximal
dimension at each level of the aorta using computed tomographic angiog-
raphy.18-20 The ascending aorta, which extends from the root to the origin
of the right brachiocephalic artery, was measured at the root and tubular
ascending segment.21 To describe the relative aortic size, we measured
the diameter of the aorta in a varying plane level. We measured the aortic
root size at the aortic valve annulus, sinus of Valsalva, and the sinotubular
junction.22 The tubular ascending aortic diameter was defined as the max-
imally dilated portion distal to the sinotubular junction of the ascending
aorta. The mid-aortic arch was measured at the level that included
3 branches—the right brachiocephalic, left carotid, and left subclavian
arteries. The upper descending thoracic aorta at the level just distal to
the aortic arch, the mid-descending thoracic aorta at the level of the pul-
monary artery bifurcation, the lower descending thoracic aorta at the level
of the left atrium, and the abdominal aorta below the renal artery were
measured. The aortic diameter perpendicular to the aortic center line
axis at each level in the axial, coronal, or sagittal plane was defined as
the maximal dimension.
We compared the characteristics of aortic dissection in patients with and
without MFS separately to account for the different pathophysiologic
mechanisms underlying the development of dissection. The local institu-
tional review board approved the present observational study and waived
the informed consent requirement.
Statistical Analysis
Continuous variables are expressed as the mean standard deviation or
the median and interquartile range and were compared using the indepen-
dent t test or Wilcoxon rank sum test. Categorical variables were compared
using Pearson’s chi-square or Fisher’s exact test. We used logistic regres-
sion analysis to obtain the predicted probability of developing an aortic dis-
section at an aortic diameter<55 mm in non-MFS patients. P<.05 in the
2-tailed test was considered significant. The PASW, version 17.0, statistical1506 The Journal of Thoracic and Cardiovascular Suranalysis software package (SPSS Inc, Chicago, Ill) was used for all
analyses.RESULTS
The study population included 237 patients with acute
type A aortic dissection: 31 patients (13%) with MFS and
206 (87%), who did not present with MFS. The average
maximal diameter of the aorta and the baseline characteris-
tics are listed in Table 1. The maximal size of the aortic root,
in particular, the sinus ofValsalva, was significantly larger in
patients with MFS than in the non-MFS patients (58.6 
15.5 mm vs 40.2 6.3 mm, P<.001). However, the tubular
ascending aorta was larger in the non-MFS patients
(44.4 mm, interquartile range, 34.3-50.6; vs 35.7 mm, inter-
quartile range, 32.8-42.6;P¼ .001). Themaximal size of the
whole ascending aorta, including the root and tubular
ascending aorta, was significantly larger in the patients
withMFS than in the non-MFSpatients (58.5mm, interquar-
tile range, 43.8-64.9; vs 46.7 mm, interquartile range,
42.9-51.6; P<.001). Next, we compared the clinical fea-
tures stratified by an aortic root diameter of 45 mm and an
ascending aortic diameter of 55 mm, the current guidelines
for elective aortic surgery in MFS and non-MFS patients,
respectively. Of theMFS patients, 2/3 (74%) had amaximal
aortic root size of 45 mm. However, 87% of the 206
non-MFS patients had a diameter <55 mm, the current
guideline for elective aortic surgery, and 70% had an aortic
diameter<50 mm.
The clinical and demographic characteristics according
to the maximal size of the ascending aorta are listed in
Table 2. The patients without MFS who presented with an
aortic size<55mm developed aortic dissection at a younger
age than those with an aortic size of 55 mm (57.2 
11.9 vs 62.7  15.1 years, P ¼ .010). In contrast, the
MFS patients tended to develop aortic dissection at an older
age with a diameter<45 mm (41.0  11.9 vs 28.8  7.3
years, P ¼ .006). Aside from the higher body weight,
height, and body mass index in patients whose maximal
aorta size was<55 mm, the baseline characteristics were
not significantly different between the groups whose aortic
size was>55 mm or<55 mm. The presence of atheroscle-
rosis, penetrating aortic ulcer, and simple renal cyst did not
differ according to the size of the aorta in either group. We
analyzed whether the independent predictors for the devel-
opment of aortic dissection at a diameter<55 mm existed,
particularly in non-MFS patients (Table 3). Univariate anal-
ysis revealed that younger patients with a higher body mass
index among those with dissection were significantly more
likely to experience dissection of the aorta at a smaller
diameter. However, hypertension was not an independent
predictor of aortic dissection at a smaller diameter
(P ¼ .774).
The aortic dissection characteristics according to aortic
size are listed in Table 4. The involvement of the aorticgery c May 2014
TABLE 1. Clinical characteristics and aortic measurements in
patients with and without Marfan syndrome
Variable
Non-MFS
(n ¼ 206)
MFS
(n ¼ 31) P value
Age 57.9  12.4 32.5  10.1 <.001
Male gender 100 (48.5) 20 (64.5) .097
Weight (kg) 65.0  12.1 69.7  15.4 .083
Height (cm) 162.8  10.2 180.0  11.4 <.001
BMI (kg/m2) 24.5  3.2 21.8  3.8 <.001
Hypertension 140 (68) 3 (9.7) <.001
Diabetes 18 (8.7) 2 (6.5) 1.000
Atherosclerosis 118 (57.3) 9 (29) .003
Penetrating aortic ulcer 4 (1.9) — 1.000
Simple renal cyst 54 (26.2) — .001
Aortic diameter (mm)
Root
Annulus 23.8  3.5 28.8  6.8 <.001
Sinus of Valsalva 40.2  6.3 58.6  15.5 <.001
Sinotubular
junction
31.7  7.4 48.0  13.0 <.001
Tubular ascending
aorta
44.4 (34.3-50.6) 35.7 (32.8-42.6) .001
Aortic arch 38.2 (34.3-41.0) 31.1 (27.6-34.1) <.001
Descending aorta
Upper descending
aorta
36.6 (33.5-40.3) 30.6 (27.5-38.1) .001
Mid-descending
aorta
34.1 (31.2-37.2) 29.5 (26.2-33.2) <.001
Lower descending
aorta
32.5 (29.3-35.0) 26.6 (23.4-30.8) <.001
Abdominal aorta 29.1 (26.7-31.9) 26.5 (23.6-30.0) .006
Maximal diameter of
ascending aorta
46.7 (42.9-51.6) 58.5 (43.8-64.9) <.001
Data are expressed as the median (interquartile range) or mean  SD. MFS, Marfan
syndrome; BMI, body mass index.
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with an aortic size of 45 mm compared with those
with<45 mm (73.9% vs 0%, P<.001), but also in patients
without MFS with an aortic size of55 mm compared withTABLE 2. Comparison of clinical and demographic characteristics of pati
Variable
Non-MFS
<55 mm (n ¼ 179) 55 mm (n ¼ 27)
Age 57.2  11.9 62.7  15.1
Male gender 89 (49.7) 11 (40.7)
Weight (kg) 66.0  12.1 58.5  10.3
Height (cm) 163.4  10.0 159.3  10.6
BMI (kg/m2) 24.9  3.1 22.3  3.0
Hypertension 121 (67.6) 19 (70.4)
Diabetes 13 (7.3) 5 (18.5)
Coronary artery disease 1 (0.6) 1 (3.7)
Atherosclerosis 98 (54.7) 20 (74.1)
Penetrating aortic ulcer 3 (1.7) 1 (3.7)
Simple renal cyst 47 (26.3) 7 (25.9)
Data are presented as mean  SD or n (%). MFS, Marfan syndrome; BMI, body mass ind
The Journal of Thoracic and Carthose with<55 mm (70% vs 39%, P ¼ .003). However,
dissection at the smaller aortic size started most often at
the tubular ascending level, regardless of MFS. The degree
of flap extension differed according to aortic size in
non-MFS patients but not in the MFS patients. The MFS
patients had a dissected flap that mainly extended to the
distal iliac artery, regardless of aortic size. Dissection in
non-MFS patients with an aortic size<55 mm had more
frequently extended to the distal iliac artery than in those
with an aortic size of 55 mm, for whom dissection was
limited to the level of the low descending thoracic aorta
(P ¼ .001).
The size distribution according to the level of the aorta
at presentation with acute aortic dissection is shown in
Figure 1. In contrast to theMFS patients, who usually devel-
oped dissection at the dilated aorta, the non-MFS patients
mostly experienced dissection in the region of smaller aor-
tic size (all P<.05). This finding was similar in each seg-
ment of the ascending aorta, including at the level of the
sinus of Valsalva and the tubular ascending segment.
Most non-MFS patients presented with aortic dissection at
a smaller size of the mid-ascending aorta and the sinus of
Valsalva.
DISCUSSION
According to a previous study, the median aortic diame-
ter at rupture or dissection of the ascending aorta or aortic
arch was about 60 mm. They also reported a progressively
increasing risk of rupture, dissection, or death, culminating
in 16% for an aortic diameter>60 mm.8 Therefore the
accepted critical aortic diameter at any age might be 50 to
55 mm, and it has been suggested that intervention is advis-
able at an aortic size>55 mm in anticipation of subsequent
dissection.4 However, recent reports have suggested that the
absolute size of the aorta might not be an appropriate indi-
cator for elective aortic replacement.13,23
Our data have suggested that the aortic size has limited
value for predicting type A aortic dissection in non-MFSents with aortic dissection according to maximal ascending aorta size
MFS
P value <45 mm (n ¼ 8) 45 mm (n ¼ 23) P value
.010 41.0  11.9 28.8  7.3 .006
.384 5 (62.5) 15 (65.2) 1.000
.002 70.3  11.3 70.8  16.5 .903
.029 177.7  11.1 180.7  11.6 .540
.001 22.2  1.9 21.6  4.3 .354
.773 — 3 (13.0) .550
.067 — 2 (8.7) 1.000
.246 — — —
.058 4 (50.0) 5 (21.7) .185
.432 — — —
.971 — — —
ex.
diovascular Surgery c Volume 147, Number 5 1507
TABLE 3. Independent predictors of aortic dissection at a diameter
<55 mm in non-MFS patients
Variable OR 95% CI P value
Age 0.962 0.928-0.97 .035
BMI 1.376 1.149-1.647 .001
Hypertension 0.878 0.363-2.125 .774
Atherosclerosis 0.423 0.171-1.052 .064
Penetrating aortic ulcer 0.443 0.044-4.422 .488
Simple renal cyst 1.017 0.404-2.560 .971
OR, Odds ratio; CI, confidence interval; MFS, Marfan syndrome; BMI, body mass
index.
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patients occurred with a much smaller aortic size than
previously reported. Specifically, only 13% of non-MFS
patient had an ascending aortic size of 55 mm at presen-
tation with acute type A aortic dissection. When we com-
pared the ratio of the size of the ascending and descending
aorta, rather than an absolute size of 55 mm, most non-
MFS patients with dissection also had a relatively small
ascending aortic size (data not shown). In contrast,
patients with MFS were less likely to experience dissec-
tion at smaller diameters. Although we obtained these
findings only from Asian patients, several previous West-
ern studies have supported our results that the aortic size
has a limited role in the genesis of acute type A aortic dis-
section.12,13,23 Most of the patients with MFS presented
with aortic dissection at a size of 45 mm, the current
recommendation for prophylactic replacement of the
aorta. Currently, most clinicians examine the aortic root
size of MFS patients using echocardiography, computed
tomographic angiography, and magnetic resonance
angiography to prevent aortic rupture or dissection, on at
least an annual basis. In our analysis, most young
patients with MFS presented with aortic dissection after
the aorta had dilated to>45 mm, and older patients tended
to experience dissection at an aortic size of <45 mm.TABLE 4. Characteristics of acute type A aortic dissection with and witho
Variable
Non-MFS
<55 mm (n ¼ 179) 55 mm (n ¼ 27)
Starting site of dissection
Aortic root 69 (38.5) 19 (70.4)
Mid-ascending aorta 110 (61.5) 8 (29.6)
Flap extending to
Tubular ascending aorta 10 (5.6) 5 (18.5)
Aortic arch 12 (6.7) 3 (11.1)
UDTA 0 1 (3.7)
MDTA 8 (4.5) 5 (18.5)
LDTA 17 (9.6) 2 (7.4)
Abdominal aorta 15 (8.4) 2 (7.4)
Iliac artery 116 (65.2) 9 (33.3)
UDTA, Upper descending thoracic aorta; MDTA, mid-descending thoracic aorta; LDTA, lo
1508 The Journal of Thoracic and Cardiovascular SurThese results suggest that older patients with MFS should
be monitored for aortic dissection more carefully, even at
smaller aortic diameters.
Risk factors for aortic dissection in patients with a nor-
mal aortic diameter were not found in our study. In con-
trast to the results from the International Registry of
Aortic Dissection, hypertension was not related to dissec-
tion at a diameter<55 mm. The incidence of atherosclero-
sis and penetrating aortic ulcer, known risk factors for
aortic dissection, did not differ between the patients with
dissection and an aortic size<55 mm and those with dis-
section and a size of 55 mm. The non-MFS patients with
acute type A aortic dissection at<55 mm tended to be
younger and to have a higher body mass index. However,
we were unable to identify any possible factors elucidating
its mechanisms. Additional studies are required to explain
why some patients with a normal ascending aorta diam-
eter, with or without MFS, developed type A aortic
dissection.
Although 87% of aortic dissections in non-MFS patients
occurred at a size less than the recommended surgical crite-
rion of 55 mm, we cannot recommend a size criterion for
surgical intervention below this threshold. Because it is
likely that a significant number of patients have an aortic
size of 40 to 55 mm, the rate of dissection in these patients
would be very small, and one could certainly cause harm by
performing prophylactic surgery on all of them.24 Although
the aortic size is a very helpful criterion for determining
the need for aortic intervention, clinicians should not over-
look patients with a small aortic size, especially those
without MFS.Study Limitations
The present study was limited primarily by the use of ob-
servational data. However, our study was one of the largest
studies of its type to date, with 237 patients with acute type
A aortic dissection.ut MFS according to maximal ascending aorta size
MFS
P value <45 mm (n ¼ 8) 45 mm (n ¼ 23) P value
.003 <.001
— 17 (73.9)
8 (100.0) 6 (26.1)
.001 .459
— 5 (21.7)
— 2 (8.7)
— —
— 2 (8.7)
1 (12.5) 3 (13.0)
— 1 (4.3)
7 (87.5) 10 (43.5)
wer descending thoracic aorta; MFS, Marfan syndrome.
gery c May 2014
FIGURE 1. Distribution of aortic diameters at presentation with acute
type A aortic dissection. A, Maximal diameter of the whole length of the
aorta. B, Maximal diameter of the tubular ascending aorta. C, Maximal
diameter of the sinus of Valsalva of the aorta. MFS, Marfan syndrome.
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tation. The difference between the size of the aorta at the
moments before and after dissection has not been studied
in patients with aortic dissection. One experimental study
demonstrated a 140% increase in the circumference after
they had induced aortic dissection in human and porcine
cadaver specimens.25 Therefore, it is highly likely that the
diameter before dissection would be smaller than the mea-
sured diameter after dissection in our study. Thus, the actual
diameter of the predissected aorta would be much smaller
than the aortic diameter recommended for elective surgery
in non-MFS patients.The Journal of Thoracic and CarCONCLUSIONS
The findings of the present study have suggested that
most dissection in non-MFS patients occurs with a smaller
aortic size than previously reported. The findings of the
present study support a substantial prevalence of exposure
to aortic dissection at a smaller aortic diameter. Although
the aortic size can be a very helpful criterion for determin-
ing the need for aortic intervention, clinicians should not
overlook patients with a small aortic size, especially those
without MFS.
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